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INTRODUCTION 


The past LO years have seen the sand and gravel industry grow from 
small roadside pits and holes in farmers? back yards to giant corporations 
selling millions of tons of sand and gravel each yeer and owning plants re- 
presonting huge capital investments in land and equipment. The days ‘hen a 
man could "work out" his taxes by providing the materials for nearby roads 
are gone forevcr. In addition to the hundreds of privately owned and operated 
plants, Govornment agencies operatec sand and gravel pits and plants to sup— 
ply aggregates for the tremendous road—building and public-works programs 
in progress during the past few years. 


EXPANDING PRODUCTION 


In 1940 the sand and gravel industry produced almost a quarter of a 
billion short tons valued at more than 110 million dollars, This compares 
with less than 2 million short tons worth 11/2 million dollars produced in 
1902. The practice of screening sand and throwing away the gravel in the 
early days of the industry's growth hes stopped, and in 1940 gravel consti- 
tuted two-thirds of the total production, In 1906, the first year in which 
sand and gravel were reported separately’, gravel accounted for only one-~ 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Revrinted from Bureau of | 
Mines Information Circular 7203." | 

2/ Assistant economic analyst, Nonmetal Economics Division, Bureau of Mines. 
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fourth of the total. In those early days sand was used extensively in build- 
ing construction, as engine sand, for manufacturing glass, and for various 
other purposes for which it is still emnloyed; but gravel was. in small de- 
mand until an oncoming cement age created enormous demands for aggregatcse 


& break-down of production of sand and gravel by commercial and noncom- 
mercial operations since 1923 is given in table le A more detailed analysis 
of noncommercial production is presented each year in the Sand and Gravel 
chapter of Minerals Yearbook, published by the Bureau of Minese Minerals 
Yearbook Review of 1938 contains a table showing noncommercial production 
of sand and of gravel separately and is further divided to show building and 
paving. Noncommercial sand and gravel revresents that reoorted by States, 
counties, spunea Seaenenr eerie Government agencies produced by their 
consumption but ieee not include pubahnese from commercial producerse Most 
of the noncommercial output is paving gravel, largely unprepared material 
for use on low-cost, secondary roads. The growth in noncommercial production 
has been as spectacular as that of the industry itself; in 1923 it represented 
1.5 percent of the entire tonnage of sand end gravel; in 1950 the proportion 
reached 10e2 percent; in 1935 it was 31e7 ese c and in 1940 it stood at 
4uu.9 percent. 


Figure 1 shows the growth of the sand and gravel industry since 1906 
in both volume and value and b; principal uses. During recent yoars the 
values of sand and gravel have anproached each other more closely than have 
their tonnages. This is explained by the fact that industrial sand, the 
largest component of the classification “other sands,™® has a relatively high 
unit value, whereas paving gravel has a comparatively low value per ton, 
The ever-increasing demand for paving sand and gravel-is shown clearly on 
this chart, which includes both commercial and noncommercial productione 
The proportion of sand for other than building and pawing uses has remained 
fairly stable over the past 20 years, reflecting the noncompetitive nature 
of industrial sands. The decline in the provortion of railroad ballast to 
total gravel since 1930 may be explained by the curtailment of expenditures 
by the railroads for improvement and maintenance of road beds and structures 
during the depression years. = 
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Figure 1.—Growth of sand and gravel industry in volume and value of product since 1906, by principal uses. 
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TABLE 1. — Commercial and noncommercial production of sand and gravel, 192 ug 
eS ee 


Noncommercial 2/ 


—_ eins total 
ort sons Value hort tons Taine Short tons] V 
rT ? C 5 fol 


107 ,052 
/ The first separate break-down of commercial and noncommercial sand and gravel 
figures wes for 1931, published in Minerals Yearbook 1932-33 and continued 
in succeeding issues of the Yearbook; similar data, covering 1923-30, 
inclusive, were later reported in Minerals Yearbook 1939. 
2/ Building end paving only. 
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Scameretat, dnd 
noncommercial 
alue {Short tons} value 
139,932 190,903 
156,230 97,013 
172,001 |107,54e2 
183,101 111,339 
197 454 |115,530 
209,119 {119,208 
222,572, 1132,836 
197,052 |115,177 
153,479 | 86,280 
120 ,038 57,522 
107,755 |.53,073 
116,61 61,247 
123,92 61,977 
178,330 90, 307 
189 , 660 97 +73 
181,320 85,923 
226,008 |106,065 
238,308 |110,688 
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GENERAL FSATURES OF THE INDUSTRY 


Sand and gravel are found in nearly all sections of the United States, 
although the number of commercially workable Cevosits is limited by the 
nearness to consuming markets, mode of occurrence, and quality of the matcrial. 
They are produced primarily for use in construction in the form of road metal, 
railroad ballast, building sand and concrete agzregate, the latter two being 
employed in concrete, mortar, plaster, stucco, and various kinds of bituminous 
mixtures. Industry consumes large quantities of molding sand, glass sand, 
engine sand, and other special sands. Inasmuch as transportation costs 
comprise a large pnercentaze of the cost to the user, those pits near the 
consumin.: centers have a distinat advantage, 


' Sand and gravel devosits occur on land in pits and banks or under water 
in pits, streams, lakes, and oceans. The method of operation is governed 
largely by the type of occurrence, the amount of overburden of the land 
deposits, and the depth of the water devosits. Underwater deposits generally 
are exploited by means of yvumos, buclzets, lndder dredges, draglines, and 
cableway scrapers. Power shovels, draglines, scrapers, and occasionally 
hydraulic mothods are emmloyed to mine deposits above watcr. 


' The capital investment of a sand and. gravel plant, in addition to the 
cost of land and equipment may range from a small outlay for the simple frame— 
work that suvports one or two screens to large investments in plants contain- 
ing a complicated arrangement of washers, scrubbers, screens, crushers, 
classifiers, and bins. For river and Inke denosits elther floating or land 
plants are used, depending on circumstances. 


Sand and gravel used in construction mst meet specifications of strength 
soundness, purity, sizing, and grading. These specifications and the rigidity 
of adherence to them vary in different localitiess; consequently, sand and 
gravel suitable for use in one locality may be rejected in another. Speci- 
fications of industrial sands differ with use. Gless sand must be a most 
pure silica, and the amount of such impurities as iron and aluminum permitted 
is strictly limited. Foundry sands must withstand high temperatures; and, 
moreover, proper grading is exceedingly imoortant. 


TRANSPORTATION PROBLEMS | 


A large factor in the ultimate cost of sand and gravelis transportation. 
In 1940 the over-all charge per ton of sand and gravel moved on class I 
railways was 79 cents, whereas the average price received per ton by commer- 
cial producers that year was 60 centse As the limits of our large cities 
have been extended and rural areas developed, hauling distances, and conse~ 
quently freight costs, have increased, with the result that-numecrous portable 
sand and gravel plants have been set up closer to the construction sites. In 
many places these plants compete succcssfully with large estadlished plants 
because of the saving in transportation costs. Their growth has been a | 
serious threat to producers with large investments in. well-established 
plants, and some of these have sought to supplement their permanent operations 
with portable or semiportable plants. At least five companies are manufac- 
turing portable-plant machinery, which includes excavating, pumping, crushing, 
screening, washing, and loading units mounted on trucks, 
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Table 2 gives the quantities of sand and gravel shipped by commercial 
producers via truck, rail, and waterway from 1933 to 1940. It is evident 
that trucks are being used more and more at the expense of the railroad. This 
is explained in part by the increase in number of portable nlants and in part 
by lower trucking rates and extension and improvement of highways. Shipping 
by truck for short distances often saves time because it obviates the neces- 
sity of reloading from train to truck to reach the construction site. Al- 
most the entire output of Government operations is moved by truck, Of the 
total sand and gravel shipments made in 1940, including Government~and- 
contractor production, trucks moved 72 percent, rail 20 percent, and waterways 
8 percent. 


TABOR REQUIREMENTS 


In 1940 the averago number of men employed in 77 percent of thc commer— 
cial sand and gravel industry reached 16,595, and each man produccd an 
average of 3.3 short tons per hour, an increase of 0.3 ton per hour since 1934, 
the first year for which theso data are reported. It is unfortunate that no 
data were compiled before that time, for the growth in number of men employed 
and output per man undoubtedly has been rapid. Technologic advances in the 
design of mechanical equipment and increasing use of such equipment are in 
large part responsible for this increase in output per man, In general the 
output per man is lower in noncommercial than in commercial production because 
mechanized equipment is used less extensively. Table 3 shows employment and 
oe in the commercial sand an@ gravel industry each year from 1934 to 
19HO , 


In a study of labor requirements in the sand and gravel industry con- 
ducted by the Department of Labor,)/ it was found that production of 100 . 
short tons of sand and gravel required 31.0 man-hours of production labor 
(all types of operation), 1.6 man-hours for fuel and power supply, and 61.9 
man—hours-for haulage to the construction site. Upon the basis of the total 
of 94.5 man-hours required to produce and distribute 100 short tons of sand 
and gravel, the 238,308,000 short tons produced in 1940 indicate 225,201,060 
man-tours of labor. Dividing this by 8+, the average time employed per man 
per day, production in 1940 would have requirod 26,809,650 man-days of em- 
ployment. The average number of days worked by each employee in 1940 was 
217, which would indicate almost 125,000 men directly dependent on the sand 
and gravel industry for their livclihood.e | 


Ball, John A., Labor sequirements in Procuction and Distrizution of Sand 
and Gravels Bureau of Labor Statistics, Monthly Labor xeview, July 1939. 
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HUMBER AND SIZE OF PLANTS 


A snecial study of the changes in number and size of plants reveals 
some unusual.trends. “here industzy in general has baen consolidating into 
fewer and largecr units the sand and gravel iadustry has been decentralizing 
thus increasing the vroportion of smaller to larger plents since 1930. 
Ficure 2 and tavle 4 prosont a summary of the chenges in the industry in 
B—year periods sinc2 1910 and each vear since 1935. In 1910 plants produc- 
ing less than 25,000 short tons of sand and gravel a vear conmrised 78 
percent of 211 plents, whoreas they sunplicd 16 percent of the output. In 
1925 these percentages were 5l! and 5, respectively. By 1940 firms in this 
groun represented 55 percont of the totel munber and produccd 8 percent of 
the total tonnage. Plants reporting over 100,00C skort tons a vear con- 
stituted 6 percont of all plants in 1910 and produced 57 percent of all 
sand ana gravel. These-firms comprised 19 percent of the plants and 76 
percent of the production in 1925, By 1940, hovever, their relative im- 
portance had fallen to 15 percent of all plants and @} percent of all pro- 
duction. ) 


It must be remembered that a drop or rise in the proportion of plants 
in any one classification does not mean that firms of that size started or 
stopped operations, but rather that changes in outvut threw many plants into 
different size sroups as their outort increased or declined. The trends of 
production of five companies in tusiness since 1910 are shown in figure 3}. 
Companies A and B have been reported in four of the sire grovps. Between 
1938 and 1940 company C moved from the 25,CO00- to 50,000-ton group to the 
15,000—- to 100,000-ton group and back to the 50,000— to 75,000—-ton elasse 
Company D reached the 50,900=- to 75,00%ton class in 1925 and 1936 but 
fluctuated between the two lover groups in the other years. Company = has 
been included in the 1,CO0— to 25,000-ton class every year since 1915, 


Thc major factor in the tendency toward decentralization during the past 
15 years has been the development of the portable nlant. As statod carlier 
in this revort, a small producer with his portable equipment may compete 
successfully with larger established opcrators because of the saving in trans-— 
portation costs and the relative ease with which operations may be set up or 
moved from one locality to another. 


The growth in proportion of production contributed by plants producing 
less than 25,000 short tons during the past 15 years as compared with the 


relative stability in number of these plants may be exnlained by the decline 
in the proportion of plants producing less than 1,000 short tons a year. 
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PERCENT OF COMMERCIAL PLANTS PRODUCING SPECIFIED QUANTITIES OF SAND AND GRAVEL 
AND PERCENT OF TOTAL COMMERCIAL PRODUCTION REPRESENTED BY THESE PLANTS 
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Figure 2.--Summary of changes in sand and gravel industry in 5-year periods since 1910 and in each year since 1935. 
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Figure 3.—Trend of production of five sand and gravel companies in business since 1910. 
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The decline in the relative importance of those plants producing 
more than 750,000 short tons of sand and gravel a year may be appreciated 
more readily if it is noted that in 1910 eight such plants produced 16 
percent of all of that year's tonnage; in 1915, 11 plants produced 18 per- 
cent; in 1920, 4 plants vroduced 7 percent; in 1925, 26 plants accounted 
for 22 percent; and in 1930, 27 plants contributed 21 percent. The era 
of large plants reached its culmination in the period from 1925 to 1930. 
Thereafter both the number of large plants and their share of the total 
United States outnut declined groatly, as indicated by the following compara- 
tive paerren 1935,5plants, 12 percent; 1936, 11 plants, 13 percent; 
1937, 9 plants, 11 percent; 1938, 6 nlants, 6 percent; 1939, 10 plants, 

10 poreents 1940, 13 plants, 11 porcent. 


MULTIPLE-PLANT COMPANIES 


In this discussion the term "plant" is applied to each separate opera- 
tion, whether worked as an individual enterprise or grouped with one or 
more other operations under single ownership (multivle-plant company). A 
study of miltiple-plant companies in 19440 reveals that 168 companies owned two 
or more plants. There wee 107 comsanies ovming two plants, 25 companies 
owning 3 plants, 17 companies with |! plants, 8 companies with 5 plants, 4 
companies ‘ith 6 plants, and 7 companies with 6 to 16, owning a total of 81 
plants, Table 5 presents the nunber of plants and the number of companies 
in each size group and their production. As the number of multi-plant 
companies is small compared with the number of single-plant companies, the 
relative proportion of the output contributed by comnanies in each size 
group diffors little from the proportions contributed by single plants. An 
exception to this is the largest group, in which the combined production of 
plants owned by large companies »laced 12 additional companicse Where 0.6 
percent of all plants produced 1009 percent of all output, 1e35 percent of 
all companies produced 2.3 percent of all output. 


TABLE 5. ~ Number and production of commercial sand and gravel 
lants and companies, by sizes of output, 1940 


Total > of Total 
production | production 
of plants No. of of companies 
No. of plants! (short tons)}] companies (short tons) 
Less than 1,000...... | 6,113 141 ~— 60,539 
1,000 to 25,000. cece. 10,151,813 905 8,2u7, 471 


25,090 to 50,000..ce. 


: | 13,538,298 out 11 1265, 365 
50,000 to 75,000..... 


11,903,681 © 153 9,393,090 


75,000 to 100,000.,.. 9,997 ,509 95 8,191,371 
100,000 to 200,000... 22,524 52 176 | oh? » 027 , 396 
200,000 to 300,000... 12,980,624 TT) 9, 962,333 
300,000 to 400,000... 8,546,153 27 | 9,201,135 
400,000 to 500,000... - 4,943,264 AE 11 4 "gpl, 275 
500,900 to 750,000... rah 068 a 8,902, 231 
750,000 and over..... " 1 oe 

Potalerssrersee, aa aE 265,061 
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IoC. (203 
PRODUCTION BY STATES 


In 1940 New York, California, and Illinois, led all States in commer- 
cial production of sand and gravel (excluding railroads), each producing 
more than 10 million short tons. New York, with 202 plants, produced more 
than 13,200,000 tons, or 10.5 percent of the Nation's commercial output. 
The 151 plants in California reoorted vroduction of 12,750,000 tons, 
slightly more than 10 percent of the total: and Illinois, with 145 plants, 
accounted for 10,100,000 short tons. Ohio had 198 plants, which produced 
more than 9,000,°00 tons; Michigan and Pennsylvania each produced 8,400,000 
tons, Michigan having 105 plants and Pennsylvania 122. Indiana had 112 
plants, which produced more than 5,750,000 tons. These 7 States accounted 
for 54 percent of all the sand and gravel produced by commercial plants in 
1940 but had within their borders only 46 percent of the Nation's plants. 


Table 6 shows the number and average production of plants by States 
at 10-year intervals since 1910. Although the size grouns have been com- 
bined into three classes, it was necessary to conccal many of the totals of 
States with few plants. The size of onch State's contribution to the 
national total has changed markedly, as have the number and size of plants 
within each State. 


In 1910 Pennsylvania led the country with 244 plants, while Ohio was 
a close second with 231. The production of the seven leading States men- 
tioned above was 56 percent of the Nation's total, and their plants 
constituted 47 percent. However, California had only 38 plants that year 
and produced slightly more than 1,000,000 tons, Iowa and New Jersey each 
had over 100 plants, Iowa producing 1,300,000 tons and lew Jersey 2,900,000 
tons. JIowa, New York, Ohio, and Pennsvlvania each had more than 100 plants 
in the under-25,000-ton group, and all of these States except Iowa had a 
State average production greater than the national average of that class. 


By 1920 the picture had changed considerably, and Michigan led in 
number of plants with 171, followed closely by Pennsylvania, 109s Illinois, 
160; and Ohio, 159. The seven States leading in the 1940 reports accounted 
for 52 percent of both production and plants in 1920. In the class under 
25,000 tons, Michigan had 131 plants, Pennsylvania 122, and Illinois 103, 
and in all of these States the averaze production per plant dropped below 
the national average for plants of this size. 


1930 was the most prosperous of the 4 years under comparison, with 
nearly four times as many plants in the group producing more than 100,000 
tons as in 1910 and more than twice as mary as in 1920. In this vear New 
York had 234 plants with an average production of nearly 88,000 tons per — 
plant. Illinois, with 196, had almost the same average annual production, 
while Ohio's 160 plants maintained an average of 77,000 tons. The seven 
leading States were the same as in 1940 and accounted for 54 percent of 
production and 4g percent of plants. WNew York and Illinois had 20 percent 
of the Nation's smaller plants, 16 percent of the medium-size plants, and 
17 percent of the larger plants. 
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I.C. 7203 
COMPETITION WITH CRUSHED STOME 


For the major uses, namely, concrete aggregate, road stone, and rail- 
road ballast, sand and gravel and crushed stone are generally intcrchangeable. 
Where botn vroducts are availasdle near consuming centers, the one that can 
be produced most cheaply and yet meet svecifications wing: the market. Sand 
and gravel occur in nearly all parts of the United Statese Stone also 
occurs widely, although each variety is generally limited to specific areas, 


Figure | shows the location of all nits reported to the Bureau of Mines 
as producing sand and/or gravel used in any kind of construction in 1940. 
Each dot represents an active pit, regardless of the volume of material 
produced. Inasmuch as 1940 was a fairly active year as regards construction 
am new pits can be onened without difficulty, the map may ce regarded as 
a reasonably accurate incex of the commercial sources of suvply of sand and 
eravele 


The locations of quarries producing crushed stone used in construction 
in 1940 appear in figure 5. The sclid circles show where limestone was 
crushed for use as concrete, road metal, railroad ballast, or other con- 
struction uscs, whereas the opon circles represent all other icinds or stone 
crushed for these DUPPO SC Se 


“Sand and gravel pits are more widelv df{spersed and more numerous than 
stone quarries because their operation recuires less ecuipment, and new 
pits can be opened easily if a new demand arises in regions where sand and 
gravel deposits are available. Sand and gravel pits are abundant in the 
glacial deposits of the northeastern quarter of the United States; tut be- 
yond the Ohio and Missouri Rivers, which mark the southern limits of the 
terminal moraine, thev are scattered more sparingly. The Pacific coastal 
plain supplies material for many sand and gravel deposits. River beds and 
their banks furnish much sand and gravel, and the concentration of pits 
along the Mississippi and Ohio Rivers is noteworthy. The Arkansas, Missouri, 
and Willamette Rivers are not shown on the map, although their courses may 
oe traced by the locations of the pits that follow their channels. 


Crusned stone also is often produced near rivers, partly because of 
chead water transoortation tut also occeuse shel’ quarries can be oponed 
conveniently in river bluffs. The Appalachian Mountain range is clearly 
outlined by the stone. quarries shown on the mane Crushed stone, like sand 
and gravel, is produced _ most abundantly around the industrial areas of the 
East, Middle West, and Far neste : 


In only a few places are botn crushed stone and sand and gravel pro- 
duced in the same immediate neighsornood. Notable among these. are the 
Los Angeles and San Francisco areas, parts of Illinois, southeastern 
Pennsylvania, central New York, Connecticut, and Massachusettse In general 
each has its own local market area, but low-cost transportation may result 
in keen competition in certain areas, 
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CONCLUSIONS 


It may be concluded that the sand and gravel industry has not yet 
reached the top of its svectacular career, New markets are opening con- 
stantly, and new uses of the materials are being developed. The National 
Sand & Gravel Association has been alert to discover new uses and improve 
old ones. Better adherence to specifications and standards has increased 
confidence in the industry, and improved machinery and equivment have 
enabled it to attain an enormous volume of output. 
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